Influence of soil pH in the effects of ZnONPs on the antioxidant activities and Zn uptake in three plant species (T aestivum, R. sativus and Z. mays) by García Gómez, C. et al.
441   SETAC Europe 25th Annual Meeting Abstract Book 
subsequent impact on the ecosystems, have become, however, a matter of concern 
due to the potential toxicity of these materials. The environments are stochastic 
dynamic systems where engineered NMs could suffer biological interaction, 
physical and chemical changes, and eventually become an ecological risk. All these 
processes are very difficult to follow and predict due to the great deal of variables 
involved. Alumina nanoparticles are widely applied in sanitary sectors and many 
industrial processes and devices, as nanofiltration and nanoelectrodes, respectively. 
Some alumina based NPs have proved toxic in in vitro cell assays by oxidative 
stress signs, inflammatory response, and DNA damage among other cell injuries 
observed. NMs are best candidates for interdisciplinary research because their study 
involves very different areas in order to characterize their structure and understand 
their physicochemical behavior, toxicology, and potential environmental impact. 
We present the first results of a nano-ecotoxicological evaluation of alumina-based 
materials prepared in our laboratory, as Al-NMs and NiAl-NMs with NiO particles. 
NPs were characterized regarding structure by XRD, SEM, TEM, and surface area. 
Biochemical oxygen demand (BOD5) and toxicity standardized assays were also 
conducted. Bioassays with and without organic matter were previously carried on 
for Zeta potential and particle size determination. Surface areas of all materials 
were about 250 m2/g and Ni particles of 20-30 nm in size were determined for 
NiAl-NMs. BOD5 values decreased up to 40% with respect to those of control 
samples. The bioassay with luminous bacteria (Vibrio fischeri) MICROTOX test 
gave LC50= (39.39 ± 10.63) % for Al-NPs and LC50= (26.73 ± 5.32) % for Ni 
Al-NPs at 30 min exposure. Tests at 80 min exposure showed a decrease of those 
values of about 25 %. The lethal and sublethal effects of NMs on amphibian 
Rhinella arenarum larvae(Stage 25) assayed by means of the standardized 
AMPHITOX tests, showed LC50 = 0.8 mg / L and NOEC = 0.08 mg / L. 
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The importance of graphene-based materials on every day life is currently 
exponentially rising and hence it is essential to understand the potential effects of 
this materials-family on living organisms, particularly on photoautotroph 
organisms, which are at the basis of the primary production of marine and terrestrial 
ecosystems. In the framework of the Graphene-Flagship project, WP2 “Health and 
Environment”, we tested the ecotoxicity of two highly standardized types of 
graphene, few layers graphene (FLG) and graphene oxide (GO), on aeroterrestrial 
microalgae. Axenic cultures of seven species selected for their different ecology 
and growth-type were exposed at 0.01, 1, and 50 µg/ml in two ways: in the first one 
(D, deposited) the graphene suspension was filtered and let to dry out on acetate 
cellulose membranes, and afterwards an algal cells suspension in water was 
deposited above the layer of deposited graphene; in the second one (S, shaken), a 
suspension of algal cells and graphene was prepared, shaken for 30’ and deposited 
on the membranes. Seven inoculated disks (one control plus three D and three S, 
treated at the three concentrations) were laid on solid BBM at the bottom of special 
vessels (n=9 per species) which allow gas exchange in sterile conditions. Vessels 
were kept at 21°C, 17 µmol photons m-2 sec-1, 12/12 h light/dark photoperiod for 4 
weeks, and afterwards membranes were cut in two: one half was used to measure 
the content of photosynthetic pigments (chlorophylls and total carotenoids), while 
the other half was used to measure the chlorophyll a fluorescence emission. The 
chlorophyll content can be used as a proxy to monitor algal colony growth and was 
measured spectrophotometrically in crude DMSO extracts. The ChlaF emission, 
namely the parameter Fv/Fm, is a proxy of photosystem efficiency and can detect 
physiological changes due to environmental stress. The photosynthetic pigment 
content showed a complex pattern of effects, with species-specific effects of 
treatments (D vs S) and graphene types (FLG vs GO). With respect to ChlaF 
emission, control values of Fv/Fm varied naturally amongst species but there were 
no significant differences amongst treatments and concentrations, although some 
differences between FLG and GO exposure were observed. Additional analyses are 
currently investigating the short-term effects of FLG and GO exposure on algal 
species in terms of K+ release, and internalization phenomena. 
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Nanotechnology is applied in several industrial sectors including agriculture, 
food/feed production and packaging. It is expected that these applications will 
increase in the near future and may therefore become a relevant source of release of 
nanomaterials (NM) into the environment. To gain more knowledge on this issue, 
RIKILT and the Joint Research Centre (JRC) have prepared for the European Food 
Safety Authority (EFSA) an inventory of already marketed and in-development 
applications of NM in agriculture, feed and food, and carried out a review of 
regulatory aspects concerning NM in both EU and non-EU countries. Both the 
inventory and the regulatory review are based on information collected through an 
extensive search of literature and webpages, complemented by questionnaires sent 
to different stakeholders (i.e. industry, research institutes, and competent 
authorities). An analysis of the information records in the inventory shows that 
nano-encapsulates, silver and titanium dioxide are the most encountered NM type 
and that food additive and food contact material are the most frequent application 
type. The use of NM in preparation/development of novel food, feed additives, and 
pesticides/biocides is mostly in the research and development stage. In EU, NM are 
explicitly covered by e.g. Regulation on the Provision of Food Information to 
Consumers (FIC Regulation 1169/2011), Regulation on Plastic Food Contact 
Materials and Articles (10/2011), and Regulation on Active and Intelligent 
Materials and Articles (450/2009). A legally binding definition is also provided in 
the FIC Regulation. Other pieces of legislation are currently under revision to better 
address NM, e.g. Novel Food Regulation (258/97) or Annexes to the REACH 
(Registration, Evaluation, Authorisation and Restriction of Chemicals) Regulation 
(1907/2006). Countries outside the EU have limited NM-specific legislation and no 
legally binding definition. They rather adopt a broader approach that builds mainly 
on guidance for industry. The presentation will summarise the contents of the 
inventory, identify the main trends in the current and reasonably foreseen use of 
nanotechnology in agriculture, feed and food, and discuss possible implications for 
the environment. The presentation will also investigate the differences in EU and 
non-EU legislation addressing NM in agriculture, feed and food. 
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Carbendazim (MBC) and tebuconazole (TBZ) are widely used in agriculture for the 
prevention and control of fungal diseases1. Atrazine (ATZ) and simazine (SMZ) are 
members of the triazines family and are used in the pre- and post-emergence control 
of weeds2. Solid lipid nanoparticles (SLN) are carrier systems that offer advantages 
including changes in the release profiles of bioactive compounds and their transfer 
to the site of action, reduced losses due to leaching or degradation, and decreased 
toxicity in the environment and humans. The aim of this study was to prepare and 
characterize nanoparticles and evaluate the cytotoxicity. SLN were prepared 
according to the method of water/oil emulsion and evaporation of the solvent3. To 
investigate the stability of nanoparticles formulations (with and without pesticides) 
some physico-chemical properties were determined such as: mean size diameter, 
polydispersivity, zeta potential and encapsulation efficiency during a period of 120 
days. Cellular viability was determined using the reduction of 3(4-5 
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT). The number of 
viable cells (mouse fibroblast) was determined by measuring the amount of MTT 
converted to formazan (a purple compound) by the mitochondrial dehydrogenases4. 
Solid lipid nanoparticles with fungicides and herbicides presented good colloidal 
stability as function of the time. The results of cell viability assays showed that the 
SLN do not provoke a reduction in 3T3 cell viability. The exposure of the cells to 
the commercial formulations (fungicides or herbicides) showed a strong reduction 
in 3T3 cell viability (around 25 %) and when the herbicides or fungicides were 
loaded in SLN the observed cell viability was around 80 %. These results showed 
that the encapsulation of the pesticides in solid lipid nanoparticles decreases the 
cytotoxic effects of these chemicals in 3T3 cells and these nanopesticide 
formulations could be an interesting alternative to control the pests in agriculture 
and reduce the environmental impacts of non-target organisms. Acknowledgments: 
Fapesp, Fundunesp, CNPq and Capes. 
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In recent years, the study of phytotoxicity of NPs has made rapid progress, but 
important issues remain to be solved, among them, the role of soil and the 
importance of the physicochemical soil characteristics for their toxicity and 
accumulation potential. It is due to most available information about the NP toxicity 
in higher plants comes from studies on hydroponic media. Moreover, it is necessary 
to develop more sensitive and specific toxicity indicators based on biochemical 
changes for evaluating the toxicity of NPs. The ability to generate reactive oxygen 
species (ROS) has been identified as a possible mechanism of NP toxicity. ROS 
accumulation induces lipid peroxidation, membrane and DNA/RNA damage and 
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metabolism imbalance. Plants have evolved various protective mechanisms to limit 
oxidative damage caused by ROS accumulation such as the production of 
antioxidants (e.g. ascorbate, carotenoids or thiols) and antioxidant enzymes. The 
aims of this study were to study the influence of soil pH in ZnONP toxicity and 
accumulation to different plant species and to assist in the selection of potential 
biomarkers of soils contaminated with theses nanoparticles. ZnONPs were selected 
because there is a growing interest in their use in agricultural formulations taking 
advantage of their properties as a UV blocker, or as fertilizers. The ZnO NP toxicity 
was tested in three plant species of agronomic interest: Triticum aestivum, Rabanus 
sativus and Zea mays. Two agricultural soils: an acid soil (pH 5.4) and a basic soil 
(pH 8.3) were spiked with 20, 225, 450 and 900 mg ZnO NP kg-1 (Zn basis). The 
effects of the treated soils on ROS levels and the antioxidative defense system of 
plant species were analyzed after 35 days of exposure. Thus, the changes on the 
activity of the antioxidant enzymes (APX, GPOD and CAT), the levels of reduced 
glutathione and proteins, and the effects on lipid peroxidation were measured. To 
obtain a better understanding of the toxicology of ZnONPs, these effects were 
compared with visible damage at the functional level of the whole organism: 
seedling emergence and growth, and the changes in the chlorophyll levels. In 
addition, Zn concentration in roots and shoots of plant species were determined. 
This research was funded by the Spanish project RTA2013-00091-C02-01. 
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Nanoparticles (NPs) are the materials with at least two dimensions between 1 and 
100 nm. Mostly these NPs are natural products but their tremendous commercial 
use has accelerated the artificial synthesis of engineered NPs (ENPs). The excessive 
production and usage of the ENPs have brought a new issue that how the 
environment has been affected. Therefore, detail understanding of their sources, 
release interaction with environment, and possible risk assessment should be 
provided to form a basis for safer use of ENPs with minimal or no hazardous impact 
on environment. However, there are still no specific standardized protocols or 
certified reference materials for the ENPs testing. Nevertheless, researchers are 
trying to find out the best methodologies to perform these kinds of evaluations. 
Moreover, the roles of ENPs in the inactivation mechanism of organisms and the 
properties of the ENPs affecting the ecotoxicity still remain unknown. EU 
commissions recommend for futher studies on standardization of the methodologies 
and conducting experiments to assess the behavior and fate of the ENPs in real 
environmental conditions. In this study, through experimenting with different 
concentrations of ZnO NPs prepared with different dispersion methods in synthetic 
surface water samples with different water quality parameters on algae P. 
subcapitata, we have shown that cellular membranes were significantly 
compromised under ambient light radiation and nano-ZnO concentrations, and even 
under absence of light. Our results suggest that adverse effects are not necessarily 
only attributable to individual particles smaller than 100 nm but also to low 
concentrations of larger, naturally agglomerating ZnO NPs. Cell membrane damage 
was more pronounced in experimental setups including irradiated ZnO NPs, due to 
photocatalytic activity of the ENPs. The generation of malondialdehyde (MDA) 
further suggests nano-ZnO-induced affects the cellular membrane. The endpoints 
are also shown in EC50 and LC50 of the communities, and in microscopy images. 
Our findings indicate a high sensitivity of algal communities to levels of ENPs 
concentration that are to be expected in the surface water environment. However, to 
understand the long-term effect of ENPs on the ecosystem, substantial information 
is required regarding their persistence and bioaccumulation. The authors would like 
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The use of nanomaterials in manufacturing operations and consumer products has 
increased as scientists and engineers have realized their benefits. The 
physicochemical characteristics of nanomaterials may differ from their non-nano 
counterparts, affecting fundamental properties as solubility, reactivity, 
environmental transport, and toxicokinetics. This may introduce risks for humans 
or the environment. This study explores the physicochemical properties of 
nanomaterials and their potential impact on toxicity, kinetics, and exposure in order 
to come to a strategy towards the development of concepts and criteria for grouping 
of nanomaterials for the purpose of testing for nanomaterial hazards and 
determination of potential risks. The proposed testing strategy involves four steps. 
In a first step, the known information is compiled, including information on 
potential read-across candidates. Based on this information a hypothesis is 
developed (step 2) and assessed to determine whether and how a nanomaterial 
might exhibit unique behaviour under relevant time scales and conditions. To test 
the hypothesis (step 3) to what extent grouping can be used, a tiered strategy is 
proposed. In the first tier, physico-chemical data, like chemical composition, 
surface characteristics (coating, capping agents, functionalization), impurities and 
particle size aree so essential to characterise a nanomaterial that they should always 
collected. Other data (e.g. shape, porosity), may be appropriate to better understand 
the potential for exposure. In the second tier, in vitro dissolution/bioaccessibility 
testing or in vitro reactivity studies to support human health endpoints may be 
considered. In the last tier, the test strategy may incorporate toxicity testing and/or 
in vivo toxicokinetic testing to support read-across. From the data collected in the 
tiers, it can be assessed (step 4) if the nanomaterial has a unique behaviour or not. 
All the data can be used in a weight-of-evidence approach to support the grouping 
hypothesis. This exercise was done for the following endpoints: acute toxicity, 
skin/eye irritation, sensitization, mutagenicity, repeated dose toxicity and 
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Effects of nanoparticles including silver (AgNP), titanium oxide (TNP), aluminum 
oxide (AlNP) or iron (FeNP) on skin corrosion and irritation were investigated by 
using in vitro 3D human skin model, Epiderm(TM). Skin models were incubated 
with nanoparticles for a definite time period and cell viability was measured by 
MTT method. Skin corrosion was identified by the decreased viability based on the 
pre-determined threshold, which was 50% after 3 minutes exposure and 5% after 60 
minutes exposure. Skin irritation was identified by decreased viability to 50% by 60 
minutes exposure and 42 hr post-incubation after washing the test material. In the 
corrosion test, the viability of Epiderm(TM) treated with positive chemical (8N 
KOH) for 3 minutes was 9?2%. However, the viability for 3-min exposure was 
89?2% in AgNP-treated Epiderm(TM), 96?2% in TNP-treated, 91?5% in 
AlNP-treated, and 88?4% FeNP-treated group, which is over the threshold level. In 
case of 60 min exposure, viabilities were also over threshold level in all the 
nanoparaticles treated groups. In the irritation test, Epiderm(TM) models were 
exposed to positive control of 5% SDS for 60 minutes and viability was measured 
after 42 hr post-incubation without test materials. The viabilities of Epiderm(TM) 
were over the threshold level in all the nanoparaticle treated groups. IL-1a release 
and histopathological findings support the results of cell viability test. This result 
provides the evidence that AgNPs, TNPs, AlNPs and FeNPs are 'non-corrosive' and 
'non-irritation' to the human skin by a globally harmonized classification system. 
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Traditional restoration methods and conventional materials often lack the necessary 
compatibility with the original works of art and a durable performance. To address 
these issues, the FP7 Project NANOFORART (Nano-materials for the conservation 
and preservation of movable and immovable artworks) has focused on the 
development of manageable methodologies, based on advanced materials with a 
low environmental impact, namely nanoparticles dispersions, micellar solutions, 
microemulsions and chemical gels, to be used for the consolidation, pH control and 
cleaning of works of art. Environmental impacts of a set of nanoparticles 
dispersions (i.e. four Ca(OH)2 nanoparticles dispersions in 1-propanol, 2-propanol, 
ethanol, and two CaCO3 nanoparticle dispersions in water and in a 
2-propanol/water mixture) were assessed along their life-cycle by performing a 
screening risk assessment. Exposure to both humans and the environment was 
evaluated by estimating the potential nanoparticles release in 
manufacturing/preparation, application and post-application stages, thus 
identifying relevant exposure scenarios. Health and environmental hazards were 
evaluated by self-classifying the investigated formulations according to the 
"Guidance on the Application of the CLP Criteria" provided by European 
Chemicals Agency (ECHA), supported by tests on nanoparticle dispersions 
performed according to Human Skin Equivalent Models. The results revealed that 
no relevant exposure and effect can be expected for the environmental 
compartments. For human health, although the self-classification highlighted 
potential health hazards for some of the proposed systems, the main route of 
exposure, represented by dermal contact, could lead to adverse toxicological effects 
only for one system at the highest tested concentration (representative of real 
application conditions). All the other systems resulted as not irritant for human skin 
at concentrations representative of real application conditions. However, the use of 
common personal protective equipment (i.e. gloves, glasses) and prevention 
measures (i.e. ventilated room), is always recommended in order assure a complete 
protection of workers from any potential adverse effects. This is one of the first 
studies addressing environmental impacts of nano-enabled products that can be 
